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Abstract
Several approaches have been implemented to enhance the impact performance of natural fibre-reinforced composite
structures. The control of reinforcement structure and fibre modification through treatment are among the approaches.
The objective of this study was to evaluate the impact behaviour of woven coir-epoxy composite as a function of fabric
density and fabric modification using alkalisation treatment. Samples were subjected to low-velocity impact penetration
tests and image analysis technique was used to measure the area and perimeter of the damaged samples under impact.
A multi-level full factorial design was implemented in this study as a systematic and efficient way to distinguish the
interactions of more than one factor. Two levels of woven density (Type 1 and Type 2) were investigated and four levels
of treatment percentage (0%, 6%, 9% and 12%) were examined. Moreover, analysis of variance (ANOVA) was employed
to determine the significant factors that predominantly influence the impact behaviour of woven composites. It was found
that the differences in woven density and woven treatment significantly affect the maximum impact load and deflection of
woven coir-epoxy composites. Impact energy absorption, however, was only affected by woven treatment. Factor
interactions were also apparent for maximum impact load, initiation energy and deflection. The results showed that
woven reinforcement with denser structure was less stiff in nature. The deformability of the composites was also found
to reduce with the increase of treatment percentage. Furthermore, poor damage resistance was observed in denser
woven structure.
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Introduction
It is well known that ﬁbre reinforcement in continu-
ous form can resist higher impact loading.1 Woven
composites are one of the reinforcement structures
made by interlacing two sets of continuous yarns pas-
sing over and under each other to oﬀer superior
dimensional stability in the longitudinal and width-
wise directions. These yarns consist of ﬁbre bundles
twisted in a speciﬁc orientation. The interlacing of
ﬁbre bundles promotes an increase in lamina strength
and greater damage tolerance.2 Most of the weave
patterns used in high-impact applications are plain
weave and basket weave. Kushwaha and Kumar3
agreed that the mechanical and water absorption
property was enhanced in woven glass mat reinforced
hybrid composite compared to strand mat. Our pre-
liminary research using the vacuum bagging method
also proved that impact strength of woven coir com-
posite greatly outperforms cross-ply and angle-ply
composites.4 Generally, weave density has a decisive
inﬂuence on the utilisation of fabric for some tech-
nical applications. Weave density refers to the
number of yarns per unit dimension along the princi-
pal yarn directions and it aﬀects the yarn crimp and
fabric areal density.5 Yarn crimp is the degree of yarn
undulation resulting from interweaving. According to
Peled et al.,6 warp and weft densities aﬀect the
crimped structure of each yarn in the fabric and will
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also have an inﬂuence on the penetrability of the
matrix into the fabric. Lim et al.5 investigated the
eﬀects of weaving density of aramid fabrics on ballis-
tic impact resistance and concluded that higher crimp
resulted in a deterioration of tensile strength. Other
research by Abou Nassif7 demonstrated that fabric
breaking load increases with the increase of weft dens-
ity, although breaking elongation is decreased.
Natural ﬁbre has been seen as one of the most
promising new materials because of its far more
renewable and biodegradable properties which
comply with sustainability policy. Despite all the
advantages possessed by synthetic materials, it is dif-
ﬁcult to formulate a suitable disposal method for
them.8 Owing to increased environmental awareness,
scientists have been seeking a replacement to reduce
the use of synthetic composite materials, a subject of
interest in research and development by various
organisations. Many research results showed that nat-
ural ﬁbre composites had high potential for better
ductility, toughness and a signiﬁcant increase in ten-
sile, ﬂexural and impact strength.9–11 Coir ﬁbre is
among the important lignocellulosic ﬁbres, which
can be incorporated in polymer matrix composites.
Coir ﬁbres are usually treated to improve ﬁbre–resin
interfacial bonding.12 Alkaline treatment, silane treat-
ment, acetylation, maleated coupling agent and graft
copolymerisation are the common chemical treatment
methods that can be implemented. Karthikeyan and
Balamurugan12 conducted ﬁbre treatment by immer-
sing coir ﬁbre in varying percentages of NaOH solu-
tion. The result showed that ﬁbre treated by alkaline
treatment had a 15% improvement in impact strength
when compared with untreated ﬁbre. Moreover,
research done by Rout et al.13 showed a signiﬁcant
improvement in tensile strength when coir ﬁbres
were treated with 2% alkali because of the improve-
ment in ﬁbre–matrix adhesion. Both researchers used
coir in the form of ﬁbres immersed in an alkaline
solution to remove the impurities of the ﬁbre surface
prior to its use as composite reinforcement.
Documented researches concerning the eﬀects of
natural ﬁbre treatment only focus on treatment con-
ducted on ﬁbres. So far, research reported on natural
ﬁbre treatment in the form of woven fabric structure
is very limited. Research regarding the eﬀects of
woven density on composite is also limited, whereas
particular study on natural ﬁbre are scarce. Hence,
this research aimed to investigate the eﬀects of
woven density and woven treatment of coir composite
subjected to low-velocity impact penetration tests.
The inﬂuence of both factors on their impact behav-
iour was ascertained. In this study, two types of
woven coir density were prepared and four diﬀerent
percentages of alkaline solution were selected.
Experimental
Materials
Coir yarns were used as received from BTex
Engineering Ltd., India. The density of coir as
reported in previous literature was 1.15 g/cm3.14 Coir
yarns were twisted as 2-ply spun in S direction and the
linear density was recorded as 923 Tex. The matrix
used was epoxy DER 332 of density 1.16 g/mL.
Jeﬀamine D-230 hardener of density 0.948 g/mL was
used as curing agent. Both the resin and hardener
were supplied by Penchem Technologies Sdn. Bhd.
Malaysia.
Fabrications and consolidation
Woven fabric as composite reinforcement was pro-
duced with a self-designed handloom. The fabrics
were woven into two imbalanced plain woven struc-
tures of diﬀerent densities (Figure 1). The lines on the
ﬁgure indicate the distance between the warp yarns on
the fabric. Warp distance on woven fabric Type 2 was
closer than in Type 1. The woven fabrics were then
soaked as part of the treatment process in sodium
hydroxide (NaOH) solutions of concentrations 6%,
Figure 1. Woven coir composites: (a) Type 1; (b) Type 2.
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9% and 12% for 1 day. After alkali treatment, the
woven fabrics were washed under running tap water
and immersed in distilled water for 1 h to remove resi-
dual NaOH.
The manufacture of structural composites involved
the compression moulding method. A single-layer
woven fabric preform was placed in a square mould
before resin was poured. Fibre–matrix ratios were
ﬁxed at 3:7 by weight percentage. The mould was
closed and placed in a pressing device overnight.
The heating element on the pressing device was then
turned on at 80 C for 6 h for post-cure.
Design of experiment
Factorial design is seen as one of the most eﬀective
methods in experiments, which involve study of the
eﬀects of two or more factors.15 This method is a
powerful design of experiments (DOE), which pro-
vides an eﬃcient and systematic approach. Factorial
design includes all possible experimental trials.
Therefore, misleading conclusions can be avoided.
Factors or parameters of study need to be identiﬁed
ﬁrst of all, followed by the selection of the levels at
which each factor will be examined.16 This research
work has focused on two factors: fabric density and
fabric treatment percentage. Levels decided for each
factor were based on process and fabrication capabil-
ity and competence. Two levels of fabric density (Type
1 and Type 2) and four levels of treatment percentage
(0%, 6%, 9% and 12%) were examined in this study.
Therefore, a factorial design with mixed levels was
employed. This experiment used a 21 41 multilevel
full factorial design. Three test repetitions were
assigned and randomization was activated to avoid
bias results. Statistical analysis was carried out using
ANOVA (analysis of variance) to examine the signiﬁ-
cant eﬀects of each factor and level. A p-value of less
than 0.05 was considered signiﬁcant. The coeﬃcient of
determination, denoted as R2 obtained from ANOVA
results indicates how well the data points ﬁt a statis-
tical model. The largest R2 value corresponds to the
best model.17Minitab R.14 software was used and ran-
domisation was activated in order to reduce the possi-
bility of nuisance factors aﬀecting the experiment.
Analysis
The crimp percent, k as deﬁned by ISO 7211-3 was
calculated using equation (1) where L is the distance
between the ends of the yarn while in the woven form
(crimped length), and P is the actual length of the
yarn (uncrimped length).
k ¼ P Lð Þ=L½   100% ð1Þ
Figure 2 illustrates the cross-sectional view of the
plain weave structure. In the ﬁgure, l denotes the
weft crimp wavelength of the woven structure.
Composite specimens were subjected to low-velo-
city impact loading by means of Shimadzu
Hydroshot Impact Test Machine. Figure 3 illustrates
the impact test machine. The impact test was per-
formed according to ASTM D3763 with striker
punch speed of 9m/s at ambient temperature.
Specimen dimensions of 100mm2 were clamped hori-
zontally over an annular support with an inner diam-
eter of 76mm. An impactor (striker) nose tip of
12.7mm diameter was dropped by hydraulic pressure
to hit the specimens at the centre of the span. The
impactor was equipped with an instrumented tip (a
load transducer) whose output was fed to a data
acquisition board installed in a dedicated computer
program. The load and sum of the energy absorbed
to the maximum load point are symbolised by Pm
and Em. Em can also be identiﬁed as initiation
energy. m refers to the deﬂection at maximum
load point, whereas Et represents the total energy
absorbed by the specimens in a complete penetra-
tion. Identiﬁcation of each composite sample and
the measured composite thickness are given in
Table 1.
The damage surface of composites after impact
loading was observed to examine the relationship
between the damaged shape and the impact behav-
iour. An image analysis procedure was developed in
order to determine the area and perimeter of compos-
ites damaged. The detailed procedure is well explained
in Nunes et al.18 A ﬂatbed scanner was used to scan
the damaged samples and the images were processed
in Matlab software with image-processing tools.
Samples were scanned at 600 dpi (dots per inch).
Programming commands were developed in the soft-
ware in order to remove unwanted particles, detect the
damaged edges and calculate the respective areas and
perimeters.
The morphology of impact fracture surfaces of the
composites was observed by a scanning electron
microscope (SEM) at room temperature. It was per-
formed by using Hitachi Tabletop Microscope TM-
1000 at 650magniﬁcation. A gold coating of a few
nanometres in thickness coated the impact damage
surfaces. The samples were viewed perpendicular to
the fracture surface.
Figure 2. Cross-sectional view of plain weave structure.
Hani et al. 3
 at Universiti Tun Hussein Onn Malaysia on June 28, 2015pil.sagepub.comDownloaded from 
XML Template (2015) [3.1.2015–5:28pm] [1–12]
//blrnas3.glyph.com/cenpro/ApplicationFiles/Journals/SAGE/3B2/PILJ/Vol00000/140042/APPFile/SG-PILJ140042.3d (PIL) [PREPRINTER stage]
Results and discussions
Characteristics of woven coir fabric
Table 2 summarises the physical characteristics of the
woven fabrics produced. Shorter weft crimp wave-
length was obtained by weave Type 2. It resulted in
greater crimp percent in weave Type 2 than in Type 1.
This is reasonable since Type 2 weft yarns need to
interlace more warp yarns in a fabric plane. This jus-
tiﬁes the fact that fewer weft yarns are obtained for
Type 2 because of the tight interweave structure which
restricts the insertion of more weft yarns. The results
are in accordance with Peled’s et al.’s6 ﬁnding that
woven fabric density inﬂuences yarn wavelength.
They found, however that increasing the weft density
decreases the wavelength, contrary to the present
result. This is understandable because the warp dens-
ity was not constant in this study.
The morphology of dry woven coir before and
after treatment is shown in Figure 4. Fibre opening
and yarn untwisting are clearly seen on the treated
woven samples. The yarns are also badly swelled as
treatment percentage increases. Woven coir treated
with 12% NaOH solutions exhibits the worst swelling
eﬀects. This resulted in an increase of composite thick-
ness as measured and displayed in Table 1. Yarn open-
ing allows good penetration of thermoset matrix
besides removing impurities on the ﬁbre surface more
eﬀectively. Moreover, the crimping of ﬁbres may pro-
vide mechanical anchoring as claimed by Peled et al.6
Excessive amounts of alkaline solution should be
avoided, however, as it can interfere with the composite
properties as discussed in further section.
Characteristic of impact events
The trends of load–deﬂection curves of samples need
to be understood before further investigations are per-
formed. The curves for each sample type are shown in
Figure 5. All of the curves of sample 1A, 1B, 1C, 1D,
2A, 2B, 2C and 2D show almost the same trends. An
open curve in the load–deﬂection represents a total
perforated occurrence on specimens. One of the
curves (curve 1D) is labelled to portray its condition.
The slope of the ascending section of each force–
deﬂection curve is termed the impact bending
Figure 3. Impact test: (a) actual machine; (b) schematic diagram representation.
Table 1. Samples identification and thickness of the
composite sample.
Identification Composite type
Treatment
%
Thickness
(mm)
1A Woven coir Type 1 0 3.2
1B 6 3.4
1C 9 3.1
1D 12 3.6
2A Woven coir Type 2 0 2.6
2B 6 2.9
2C 9 3.0
2D 12 3.4
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stiﬀness. It represents the stiﬀness of composites
under impact and bending induced at the beginning
of the impact process. A slight drop in the ascending
section can be explained as crack initiation. As the
load increases, matrix cracking occurs, and as it fur-
ther increases, the size and extent of the matrix crack
and ﬁbre breakage may progress. Individual max-
imum loads are eventually reached before perforation
takes place. Descending curves follows was the sign of
critical structural damage as the impactor penetrated
through the thickness of the composite plate. The area
under the slope up to the peak load is the initiation
energy whereas the area bounded by the open force–
deﬂection curve and the deﬂection axis is the total
energy absorbed by the perforated specimens. The
absorbed energy increases as the bounded area
increases.
Impact behaviour of woven composite
The results of statistical analysis (ANOVA) for
impact test are shown in Table 3 for the diﬀerence
between the samples regarding maximum impact
load, deﬂection at maximum impact load, initiation
energy and total energy absorbed.
As shown by the ANOVA results on the maximum
impact load of all samples under impact (Table 3 –
Maximum impact load), the diﬀerence in woven dens-
ity and fabric treatment has a signiﬁcant eﬀect on
maximum load point. Interactions among factors
are also present with a p-value of less than 0.05.
Distribution of residuals demonstrates a lower
degree of variability with an R2 value of 89%.
Therefore, data obtained from the experiment can
be accepted as stable. Main eﬀects plot and
Figure 4. Morphology of dry woven coir before and after treatment at 11: (a) 0% NaOH; (b) 6% NaOH; (c) 9% NaOH;
(d) 12% NaOH.
Table 2. Characteristic of woven coir fabric.
Woven type
Weaving density of fabric (yarns/1 inch)
Linear density
of yarns (Tex)
Crimp
percent
Weft crimp
wavelength,  (inch)Warp Weft
Type 1 3 31 923 2 0.8
Type 2 5 21 923 5 0.4
Hani et al. 5
 at Universiti Tun Hussein Onn Malaysia on June 28, 2015pil.sagepub.comDownloaded from 
XML Template (2015) [3.1.2015–5:29pm] [1–12]
//blrnas3.glyph.com/cenpro/ApplicationFiles/Journals/SAGE/3B2/PILJ/Vol00000/140042/APPFile/SG-PILJ140042.3d (PIL) [PREPRINTER stage]
Table 3. ANOVA test for: (a) maximum impact load; (b) deflection at maximum impact load; (c) initiation energy; (d)
total energy absorbed.
Source Df SS MS F p
(a) Maximum impact load
Woven density 1 0.148130 0.148130 41.17 0.000
Treatment % 3 0.261425 0.087142 24.22 0.000
Woven density*Treatment % 3 0.035614 0.011871 3.30 0.047
Error 16 0.057569 0.003598
Total 23
(b) Deflection at maximum impact load
Woven density 1 21.0938 21.0938 59.42 0.000
Treatment % 3 10.7413 3.5804 10.09 0.001
Woven density*Treatment % 3 7.7946 2.5982 7.32 0.003
Error 16 5.6800 0.3550
Total 23
(c) Initiation energy
Woven density 1 0.3553 0.3553 2.41 0.14
Treatment % 3 6.3089 2.1030 14.25 0.000
Woven density*Treatment % 3 2.0245 0.6748 4.57 0.017
Error 16 2.3616 0.1476
Total 23
(d) Total energy absorbed
Woven density 1 0.0479 0.0479 0.15 0.700
Treatment % 3 5.8949 1.9650 6.33 0.005
Woven density*Treatment % 3 1.5202 0.5067 1.63 0.221
Error 16 4.9668 0.3104
Total 23
Df: degree of freedom; SS: sum of squares; MS: mean square; F: F-test; p: p-Value.
Note. The bold values indicates that the value is less than 0.05 which imply that the factors effect is presence and significant as mentioned
in the respective article.
Figure 5. Load–deflection curves of impact event.
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interaction for maximum load point of mean data are
displayed in Figures 6(a) and 7(a). Weave Type 1 was
found to exhibit higher maximum load. This is
because of the crimp eﬀects suﬀered by the woven
fabrics, as explained by McDaniels et al.19 Tensile
loading of the interlaced yarn in woven induced trans-
verse loads at ﬁbre overlap sections as crimped ﬁbres
attempt to straighten. This reduces the translation of
ﬁbre strength to fabric strength. In other words, fabric
strength and modulus decrease with increase in yarn
crimp because the tensile load is initially used to de-
crimp the yarn instead of extend it.20 Crimps in weave
Type 2 were found to be higher than in Type 1.
Therefore, energy dissipated in weave Type 2 can be
expected to reduce so composites fail to resist higher
impact load.
ANOVA results for deﬂection at maximum load of
all samples are presented in Table 3 (Deﬂection at
maximum impact load). Woven density and woven
treatment are proven to aﬀect signiﬁcantly the deﬂec-
tion rate of the composites (p< 0.05). Analysis
showed the presence of factor interaction. A probabil-
ity plot demonstrated an R2 value of 87%, which indi-
cates stable data distributions. Figures 6(b) and 7(b)
display main eﬀects plots and interaction plots for
deﬂection at maximum load of data mean. Higher
deﬂection occurs in denser woven structure (weave
Type 2) whereas 6% NaOH-treated samples exhibited
the highest deﬂection. The deﬂection rate was
observed to drop gradually as the treatment percent-
age increased. Deﬂection or deformation of a struc-
ture under loading is dependent on its stiﬀness. The
small deforming region has great stiﬀness, so woven
composite Type 1 is much stiﬀer. The change in stiﬀ-
ness indicates that some structural degradation takes
place at higher load levels of the reinforced samples.21
Specimen deformation is a source of energy dissipa-
tion22 as it can be seen from the results in Figure 7(c)
that energy absorption is highest in the samples with
the highest deﬂection (6% NaOH concentrations). As
the composites deform, there is more time for the
energy to propagate, and so energy absorption
covers more fabric area and leads to an increase in
energy dissipation.23
The ANOVA results in Table 3 (Initiation energy)
show that the diﬀerence in woven density does not
inﬂuence initiation energy (p> 0.05). Woven treat-
ment showed signiﬁcant eﬀects regarding initiation
energy and interactions of factors were also present.
R2 value was recorded as 79%, which indicates stable
data with a low degree of variability. Main eﬀects plot
of average data for the initiation energy of treatment
percentage and interaction plots are displayed in
Figures 6(c) and 7(c). In contrast, ANOVA results
for total energy absorbed show that woven treatment
barely inﬂuenced the response (refer Table 3 – Total
energy absorbed). The p-value denotes less than 0.05
whereas the distributions of data residuals is normal
Figure 6. Main effects plot for: (a) maximum impact load; (b) deflection at maximum load; (c) initiation energy; (d) total energy
absorbed.
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with R2 of 60%. Figure 6(d) represents the main
eﬀects plot of mean data for total energy absorbed
of treatment percentage.
Treatment percentage for three responses, max-
imum load, initiation energy and total energy
absorbed, indicates that 6% NaOH woven treatment
has escalated its performances. Nevertheless, for 9%
NaOH woven treatment, performances dropped
before increasing at 12% NaOH concentrations. The
performance trends up to 9% NaOH concentration
show accordance with previous research conducted
on coir composite. Karthikeyan and Balamurugan12
reported that impact strength of coir/epoxy composite
improved signiﬁcantly for 6% alkali concentrations,
but a gradual decrease in impact strength was observed
for 8% and 10%. In addition, decline in tensile proper-
ties was also observed in research done by Rout et al.13
on coir/polyester composite for NaOH concentrations
of more than 5%. Alkaline treatments impart surface
modiﬁcation to coir ﬁbre. Surface roughness of natural
ﬁbre is increased by the disruption of hydrogen bond-
ing in the network structure of the ﬁbre. Increases in
surface roughness result in better mechanical inter-
locking of ﬁbres. Also, treatment can remove a cer-
tain amount of the lignin, wax and oils covering the
external surface of the ﬁbre cell wall, thereby improv-
ing the ﬁbre–matrix interfacial bonding.
Performance reduction of woven coir composite
primarily occurs because of excessive alkali
concentration.24 Higher concentrations of NaOH
may swell the rate of hemicellulose dissolution and
ﬁnally lead to strength deterioration.25 In this study,
6% NaOH concentration was found to be a reason-
able treatment percentage for woven coir/epoxy com-
posite. The probable of the unusual phenomenon of
12% NaOH treatment concentration is probably
owed to geometry changes. Woven coir composite
treated by 12% NaOH concentration has been
found to shift the geometry of the woven fabric struc-
ture considerably. Rahman and Khan26 proved that
coir ﬁbre shrinkage increased considerably between
10% and 20% alkali concentrations at low
temperature. The reason was that when strong
NaOH solutions were used for ﬁbre treatment, diﬀer-
ent Na-cellulose complexes were formed. This does
not, however, change the cellulose chain but a large
amount of NaOH and water is absorbed in the crystal
structure, which swells. Thus, ﬁbres become shorter
and shrink. When shrinkage is diﬀerential and aniso-
tropic across fabric, the internal stresses created can
lead to fabric warpage (distortion). Fabric warpage
had positive thickness eﬀects on woven coir composite
of 12% NaOH concentration, as displayed in Table 1.
Thickness has a bigger inﬂuence on perforation resist-
ance.27 According to Park and Jang,28 impact proper-
ties may vary with the increase in laminate thickness
and greater laminate thickness contributes to higher
maximum load.
Figure 7. Interaction plot for: (a) maximum impact load; (b) deflection at maximum load; (c) initiation energy.
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Figure 9. Damaged measurement of woven coir composite: (a) damage area; (b) damage perimeter.
Figure 8. Rear side of damaged composite samples: (a) 1 A; (b) 1B; (c) 1C; (d) 1D; (e) 2 A; (f) 2B; (g) 2 C; (h) 2D.
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Composite impact damaged analysis and
fracture morphology
Figure 8 represents fractures on composites. The
image-processing technique was used to measure the
damaged areas and perimeters and the results are
shown in Figure 9(a) and (b). Obviously, the graphs
display that woven Type 2 performs bigger damage
area and perimeter than Type 1 upon impact. Better
damage resistance is observed in woven composite
Type 1. It is noticed that Type 2 samples exhibited
damage area of about 200% higher than those of
Type 1, where both were treated at the same solution
percentage (6% NaOH). Meanwhile, among Type 1
composite, samples treated with 6% and 12% NaOH
solutions demonstrated the lowest damage area.
Higher stiﬀness properties of weave Type 1 as
explained earlier can resist bigger fracture. The results
also support Jawaid and Abdul Khalil29 conclusions,
where they reported that an increase in impact energy
Figure 10. SEM of fractured surfaces for sample: (a) 1 A; (b) 2 A; (c) 1B; (d) 2B; (e) 1C; (f) 2 C; (g) 1D; and (h) 2D at 650.
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resulted in a greater damage area. Treatment of
woven fabric reinforcement does not seem to inﬂuence
the damage mode. Results for untreated and treated
composite samples showed almost the same trend.
The results also give evident that the through the
thickness damage was increased from the impacted
front face towards the back face of the composites.
It can be seen that almost all samples exhibited
brittle failure behaviour since they fragmented upon
impact load. Careful examination of the impacted
composite specimens, revealed multiple damage
modes. SEM photographs of all the untreated and
treated specimens are displayed in Figure 10. There
is evidence for these specimens that a combination of
matrix cracking, ﬁbre breakage, ﬁbre–matrix
debonding and ﬁbre pull out are the predominant
failure mode. As can be seen from untreated samples
1A and 2A, the ﬁbre surface is irregular. Matrix
failure, ﬁbre break and ﬁbre-pull out can be clearly
observed, indicating weak adhesion between ﬁbre
and matrix. Matrix debris covers the specimens and
this suggests the poor fracture resistance of the
untreated composites. SEM images 1B and 2B
show better interfacial bonding as they performed
with minor matrix cracking and debonding. Less
ﬁbre breakage is clearly visible and indicates that
ﬁbre–matrix adhesion is excellent. As regards 1C
and 2C, it is noticeable that a resin-rich area is pre-
sent which can lead to localised strain. The ﬁbrilla-
tion (ﬁbre splitting) phenomenon is clearly
observable in these specimens as well as matrix
cracking and debonding, which can reduce the
strength. Specimens are badly swollen by 12%
NaOH concentration as portrayed in 1D and 2D
SEM images. This can lead to increased shrinkage
and better surface tension. It may be that the impact
energy was dissipated via the fractures and debond-
ing of the reinforcement as the maximum load and
energy absorbed increased on this sample.
Conclusions
On the basis of the results obtained, the following
conclusions can be drawn:
1. Woven fabric reinforcement density of coir had
proven to give signiﬁcant eﬀect on impact
response, particularly on, maximum peak load
and deﬂection of the composites.
2. Treatment of coir woven structure was found to
give signiﬁcant inﬂuence on the impact response,
particularly on, maximum load, initiation energy,
total energy absorbed and deﬂection rate of the
coir composite samples.
3. Woven composite with tight reinforcement struc-
ture (higher crimp percentage) exhibited low max-
imum peak load with high composite deformation.
4. Woven coir structure treated by 6% NaOH con-
centration revealed to have a high peak load,
better energy absorption and high deﬂection on
composite. Meanwhile, treatment of woven coir
of more than 9% NaOH concentrations should
be avoided as warpage and swelling occurrence is
critical.
5. Poor damaged resistance was observed in woven
coir composite Type 2 (tightly woven structure).
Moreover, woven coir treated by the alkaline
method does not seem to aﬀect damage resistance
compared with the untreated samples.
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